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INTRODUCTION 
The purpose of this thesis is to add to the knowledge of low-
level handling on fish metabolism. This effect could occur while 
working with fish in laboratory investigations. Early studies in-
volving nitrogen excretion of fish did not immediately deal with the 
problem of handling as a metabolic stress (Denis, 1913-1914; Grollman, 
1929; Edwards and Condorelli, 1928; Smith, 1929). Eventually, research 
began to relate metabolism to nitrogen excretion (Gerking, 1955; Savitz, 
1969a) with nitrogen excretion being used as a parameter for measuring 
handling effect (Savitz, 1969a; Savitz, 1973). 
Investigators have reported handling to be stressful to fish. 
Physiological results from handling show passing of copious faeces and 
increase in oxygen consumption (Mann, 1965); loss of salts and water 
(Black, 1957); increase in lactic acid in blood (Love, 1970). Others 
have made reference to handling as a cause for variation in data 
{Gerking, 1955; Nickum, 1970). Savitz (1973), however, found no effect 
of low-level handling to nitrogen excretion at 20 C. 
Low-level handling effects on fish at low temperatures has not 
been investigated. For this reason nitrogen excretion measurements 
were taken at 6 C and 13 C. In order to determine the sensitivity of 
the fish at 6 C, maintenance levels, sudden temperature change, and 
behavior were also considered in the analysis. 
1 
REVIEW OF LITERATURE 
Early investigations in fish metabolism were concerned mainly 
with the presence and form of nitrogen as an excretory product, and 
not immediately with using nitrogen excretion as an index for metabolic 
measurement. Studies by Denis (1913-1914), Grollman (1929), and 
Edwards and Condorelli (1928) all showed that urine of freshwater and 
marine fish had very low nitrogen values, whether the fish fasted or fed. 
With· these facts in view, Smith (1929) proved that nitrogen in the form 
of ammonia was being excreted by the gills and that this accounted for a 
route, other than the kidneys, to eliminate toxic wastes. Comparison 
of the branchial and urinary excretion showed that 6-10 times as much 
nitrogen was excreted in ammonia by the gills as in all nitrogenous 
compounds together by the kidneys (Smith, 1929). 
The concept of ammonia as an excretion product began to gain 
support. Delaunay (1931) showed that ammonia was the chief end product 
of nitrogen metabolism in all aquatic invertebrate animals. Since 
ammonia is low in molecular weight in comparison to urea, amino acids, 
creatine, creatinine, uric acid, and purine bases, it can readily 
diffuse across biological cell membranes. Also as a weak base with 
extreme solubility in water, animals can instantaneously convert it from 
+ NH4 to NH3. 
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After determining the biochemical structure of the excretory 
product and the route of elimination, nitrogen use as a metabolic 
measuring tool increased. Gerking (1955) showed that endogenous 
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nitrogen excretion varied logarithmically with body weight and attributed 
variation in his data to the handling of fish. Savitz (1969a, 1969b, 
1971a, 197lb) used nitrogen excretion for measuring various effects: 
temperature and body weight on endogenous nitrogen excretion of bluegill 
;sunfish; effect of M.S. 222; effect of protein consumption and starvation. 
Fish became important tools in laboratory investigations. Since 
the animals had to be transferred for experiments, researchers began to 
question the effect of handling on the metabolism. The questions were 
whether significant variations in data could arise from this type of 
handling. At first, oxygen consumption studies were used for these 
determinations. Mann (1965) stated that the metabolic rate of many 
species of freshwater fish rose two to three times the normal level 
after handling and remained high up to eight hours. Chittenden (1971) 
and Chiszar et. !}_. (1972) have used oxygen consumption and gill beat 
response to determine if handling affected metabolic rate. Fromm (1963) 
suggested that values for the daily excretion of waste nitrogen may prove 
to be a more reliable parameter than oxygen consumption in assessing 
metabolic stress on fish. 
Using nitrogen excretion, Savitz (1973) found no handling effect 
at 20 C. Oth~r physiological results show a loss of salts and water Jue 
to handling (Black, 1957) and an increase in lactic acid in the blood 
(Love, 1970). 
'·,_--------------------------------. 
The study of fish metabolism has not only allowed t e question 
I 
ot' handling effect to be considered; but it has also shown a biochemical 
adaptation in nitrogen excretion in fish. This adaptation could be seen 
in the shift ·from ammoniotelism to ureotelism and uricotelism among both 
the invertebrates and vertebrates in response to water deprivation and to 
the need to carry on developmental metabolic processes in a cleidoic 
environment (Needham, 1938). Estivating lungfish, such as the African 
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Protopterus, show evidence of this evolution as they convert ammonia 
production to ureotelism during water deprivation. This conversion allows 
them to estivate for long periods during which the relatively inert urea 
accumulates in body fluids to very high levels (Forster and Goldstein, 
1966). Eventually, then, animals were classified according to the major 
end product of protein catabolism as ammoniotelic, ureotelic, or uricotelic 
with ammonia, urea and uric acid being the respective end products. 
Huggins et. ~· (1969) published a paper which questioned the 
above classification. They also refuted an enzyme "deletion" hypothesis 
by Brown and Cohen (1960), who stated that two of the five enzymes in the 
ornithine-urea cycle are not present in teleost livers. They suggested 
that all five enzymes of the ornithine-urea cycle are present throughout 
a wide range of teleostean fish. The enzymes are believed to be present 
since the genes for these enzymes are also believed to be present. 
Postulating further, perhaps the basic difference in nitrogen excretion 
resides in the manner of expression rather than in the possession of the 
structural genes for the ornithine-urea cycle enzymes. 
Choosing functional rather than biochemical parameters then, a 
more sophisticated classification was suggested for nitrogen excretion 
by Huggins et.~· (1969): 
1. ureogenic: indicates that the full complement of the 
ornithine-urea cycle enzymes is present, 
and that potentially at least, significant 
amounts of urea may be biosynthesized by 
this route. 
2. ureotelic: indicates that the control of the ornithine-
urea cycle operates in the direction of 
forming quantities of urea sufficient to 
account for the elimination of the bulk of 
the total nitrogen excreted. 
3. ureosmotic: indicates that urea production or retention 
is adjusted in a manner which helps to 
maintain the osmotic equilibrium of the 
organism rather than as a means of disposing 
of excretory nitrogen. 
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MATERIALS AND METHODS 
On March 4th, 1972, bluegill sunfish were obtained from a fish 
hatchery in Spring Grove, Illinois. They were placed in a large holding 
tank located in a cold room where the water temperature was kept constant 
at 6 C (Fig. 5). A filter and air stones provided aeration for the stock 
fish. The water in the stock bin was changed once a week from a supplement 
of water being aerated in two carbuoys. A photoperiod of alternate 12-hour 
days of light and darkness was automatically kept by a timer controlling 
a desk lamp with a 60 watt bulb. Prior to experimentation, the fish were 
acclimated in the stock bin for a period of 35 days and were fed mealworms. 
(Tenebrio molitor). Over the length of experimentation, 41.7% of the stock 
was lost; perhaps this could have been the result of winter stress (Nickum, 
1970). This winter stress may have made the fish weaker and/or more sensi-
tive to experimentation. 
Individual fish were placed in 5 gallon aquarium containing 12 
liters of water. A system of air stones connected to an air pump aerated 
the water in the aquaria. Evaporation was minimized by placing a cover 
glass over each aquarium. This was a type of physical set-up in which 
measurements of individual nitrogen excretion/fish were taken. This could 
then be logarithmically graphed against body weight. 
Four specific test runs were conducted (Table 1): 
1. April 9th: Group A: a six tank set-up with a starvation 
period of three days at 6 C. 
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2. April 24th: Group B: a six tank .set-up with a starvation 
period of eighteen days at 6 C. 
3. June 6th: Group C: a five tank set-up with a starvation 
period of eleven days at 6 C. 
Group D: a five tank set-up with a starvation 
period of thirteen days at 12-14 C. The latter 
five tanks had one Model 88, Metaframe duomatic 
heater per tank to maintain a water temperature 
near 13 C. Fish were then transferred from 
the 6 C tanks into the 12-14 C tanks (Figs. 7-9). 
4. June 27th: Group E: a ten tank set-up with a starvation 
period of seven days at 13 C (Fig. 6). 
Nitrogen excretion was measured on the first and on the third 
day after fish were placed into aquaria. Duplicate 25 ml water samples 
. were pipetted from each aquarium and digested following the procedure of 
Bruel et.~. (1947). · Micro-kjeldahl analyses (accuracy 0.005 mg N) 
were performed to determine the amounts of organic nitrogen and ammonia 
present (Figs. 1-4). The nitrogen excretion rate is the total amount of 
organic nitrogen and ammonia in the aquarium at the end of one day, ex-
pressed as mg N/day. 
Water samples were taken on the 1st and 3rd day to determine if 
there was a handling effect on the 1st day when fish were transferred 
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from one tank to another. Excretion rates were calculated in the following 
way: 
1. Experimental flask minus blank flask. The experimental flask 
holds the N-containing water and the blank flask holds the 
distilled water. 
2. Difference from #1 multiplied by 0.14008, a conversion factor 
for ml N to mg N. 
3. The result of #2 multiplied by a corrected titration factor. 
4. The result of #3 multiplied by a water-volume factor; 
12 1 divided by 25 ml for the 1st day of sampling; 
11.95 1 divided by 25 ml for the 3rd day of sampling. 
After each test run, the fish were anesthetized with 0.003% 
M. S. 222 (Tricaine methanesulphonate). They were then weighed to the 
nearest 0.1 gram and measured to the nearest mm. All the fish used in 
the test run were again placed into the stock bin. The temperature of 
the cold room was then raised to 13 C at which point the fish were fed 
for a week and then lowered to 6 C for the fish to again undergo a star-
vation period prior to testing. The lower temperature acclimation period 
was at least one week to substantially reduce consumed food (with the 
exception of one group). 
A rough estimate of metabolism was also conducted by counting 
gill beats. After collecting the water samples at 13 C, the tanks were 
divided into Group F and Group G. Fish in Group F were gently netted 
and lifted out of the water for three seconds; fish in Group G were 
gently netted but restrained in the submerged net for three seconds. 
Five minutes before and after each treatment the number of gill beats 
were recorded (beats/minute). 
In addition to the measurement of nitrogen excretion and gill 
beat rate as a rough estimate of metabolic response, behavioral obser-
vations were made on the individual tanks concerning swimming patterns, 
settling positions, equilibrium·states--both at 6 C and at 13 C. 
Sources of Error 
Some of the possible errors in this method have been discussed by 
Gerking (1955) and by Savitz (1969). An important consideration is the 
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loss of ammonia from aerated aquaria. Gerking (1955) tested this method 
with' water solutions containing 3 mg N/day with a pH range of 7.39 to 
8.91. He found no significant difference in nitrogen concentration over 
a five-day period and concluded that ammonia would not be lost under these 
experimental conditions. Also, the quantity of a1T111onia diffusing from 
the atmosphere into the water would be negligible. 
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Another possible source of error is the organic nitrogen originating 
from mucus secretion; the amount and rate of secretion are unknown. Job 
(1955) observed excessive mucus secretion when brook trout were treated 
with urethane. The inclusion of mucus nitrogen biases the results toward 
a higher metabolic rate at all temperatures. The periodic handling of 
the fish may also have caused an increase in nitrogen excretion. Variabil-
ity in the results may be due to individual differences in nutritional 
and thermal history and activity during the experiments. 
The 3-day starvation period for the first group of fish may not 
have reduced the protein reserve substantially. Fromm (1963) found that 
nitrogen excretion rate of rainbow trout, Salmo gairdneri decreased 
rapidly during the first 6 days of starvation and then remained at a 
constant level through the fourteenth day of starvation. Savitz (1971a; 
197lb),,however, found that starved bluegills will have constant nitrogen 
excretion rates from the 2nd or 3rd day of starvation up to 28 days of 
starvation. 
Furthermore, the accumulation of small quantities of waste products 
in an aquarium could lead to changes in the morphology of gills. Burrows 
(1964) found that as little as 0.7 parts per million of ammonia in the 
10 
aquarium water causes the lamellae of the gills of Oncorhynchus 
I 
tschawytscha to fuse together after six weeks. Fromm and Gillette (1968) 
found that as ammonia concentration increased in water, the nitrogen 
excretion rate of trout ·declined. In contrast, Olson and Fromm (1971) 
found that urea excretion of goldfish increased as ammonia concentration 
in water increased. 
Table 1. Genera 1 data on five test runs. 
Starvation Place of Date of 
Group Time Transfer Experiment Temperature 
A 3 days stock bin April 9 6 c 
B 18 days small tanks April 24 6 c 
c 11 days stock bin June 6 6 c 
D 13 days small tanks June 12 13 c 
E 7 days stock bin June 27 13 c 
Results 
Maintenance Level 
The relationship between metabolism and body weight can be 
expressed as 
Y = a W b 
or 
log Y = log a + b log W 
where Y is metabolic rate, W is body weight, b is the weight exponent, 
and a is the y-axis intercept (Brody, 1945, p. 365). The same relation-
ship exists between metabolic rate, in terms of nitrogen excretion and 
body weight (Brody, 1945, p. 374). 
The weight exponents were 0.44 at 6 C and 0.11 at 13 C for the 
first day and 0.32 at 6 C and 0.44 at 13 C for the 3rd day (Table 2). 
The weight exponent values were not the same for the two temperatures 
although Savitz (1969a) found that the weight exponent was relatively 
constant in metabolic studies with his fish and did not significantly 
change when examined at different constant temperatures. 
The nitrogen excretion rates with their 95% confidence limits 
were calculated for the average 50-g bluegill at each temperature (Table 3). 
the ENE rate for the average 50-g bluegill is 5.18 mg N/day (3.39-7.85) 
at 6 C on the 1st day; 1.48 mg N/day (0.28-3.76) at 6 C on the 3rd day; 
7.45 mg N.day (6.19-8.95) at 13 Con the 1st day; 7.59 mg N/day (1.82-
31.62 at 13 C on the 3rd day. 
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The nitrogen excretion rate on the 3rd day at 6 C is significantly 
lower in comparison to the other data (Table 3). The average nitrogen 
excretion rates at 6 Care lower than at 13 C (Table 3). 
The 95% confidence limits of nitrogen excretion rates of fish 
at 6 C on the 1st day overlap those at 13 C on the 1st day. There is no 
significant variation in the metabolic rate at these two temperatures 
on the 1st day (Table 3). The 95% confidence limits for the 1st day 
at 6 C versus the 3rd day at 6 C show a very slight .overlapping--a ten-
dency toward significant variation (Table 3). The 95% confidence limits 
for the 3rd day at 13 Care very large (Table 3). This could possibly 
be due to a variability in weight size and excretion rates. The actual 
data for the relationship between body weight and nitrogen excretion are 
shown on Fig. 10 for 1st day samples and Fig. 11 for 3rd samples. 
Temperature 
6 c 
6 c 
13 c 
13 c 
Table 2. Linear equations calculated from the log of body weight and the 
Day 
1st 
3rd 
1st 
3rd 
log of nitrogen excretion rate for fish acclimated at two different 
temperatures. 
# of Fish/ Li near Equation SE of Slope 95% c. 1. of 
Experiment Slope 
14 log Y=(-0.034) + 0.44 logX ±0.81 0.44±1. 76 
14 log Y={-0.37 ) + 0.32 logX ±2.56 + 0.32-5.58 
12 log Y={-0.68 ) + 0.11 logX ±0.17 + 0 .11-0.38 
12 log Y=( 0.13 ) + 0.44 logX ±i.33 0.44±3.07 
Temperature 
6 c 
6 c 
13 c 
13 c 
Table 3. Mean nitrogen excretion rates and 95% confidence limits 
for the mean rates for a 50 g bluegill at 6 C and 13 C. 
Day Sampled #Fish/Experiment 
1st 14 
3rd 14 
1st 12 
3rd 12 
Mean Rate 
(mg N/day) 
5.18 
1.48 
7.45 
7.59 
95% Confidence 
Limits For Mean Y 
3.39-7.85 
0.28-3.76 
6.19-8.95 
1.82-31.62 
-
01 
Fig. 10. The relationship between ENE rate and body weight at two 
different temperatures. • = 6 Con the 1st day; A= 13 Con the 1st day. 
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HANDLING EFFECT 
. 
Handling effect on metabolism of starved bluegill sunfish was 
tested at 6 C and at 13 C to determine if stress would occur at the lower 
and/or higher temperature. Average nitrogen excretion rates for Groups A-E 
(Table 4) were combined in various ways to determine if there was a signif-
icant difference between the 1st and 3rd days (Snedecor, 1956). This 
variation between the 1st and 3r_d days would statistically show a handling 
effect. Three different set-ups were used at 6 C in order to determine 
handling effect (Groups A, B, C). After water samples were taken on the 
first and third days and the nitrogen calculated, data was analyzed for 
variance. 
The 1st day readings at 6 C were analyzed against the 3rd day 
readings at 6 C by combining the data for all three groups (A+B+C) on each 
day (Table 5). When the calculations were seen, there was no doubt that 
a significant variation existed between the two days (p(0.005), lending 
support to a handling effect. 
A posteriori analysis was perfonned for the above group comparison 
test (A+B+C) by removing fish having a weight of 33.6 g and 74.6 g (Table 6). 
This was done to eliminate extremes in weight from the group, which would 
bias the statistics. The results still showed a significant variation 
between the 1st day at 6 C and the 3rd day at 6 C (p(0.005; Table 5). 
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In order to further expose the possibility of a handling effect, 
1st day calculations were contrasted with 3rd day readings for each group. 
Group A approached variation since p=0.091 (Table 5). Group B was not 
significantly different since p)0.25 (Table 5). There could be a transfer 
variable acting upon this group since these fish were the only group not 
taken from the stock bin for the experimental run. They were taken from 
5 gal. aquaria and placed into different 5 gal. aquaria. Group C showed 
significant variation in contrasting the 1st with the 3rd day (p{0.005; 
Table 5). 
All 1st day calculations for Groups A, B, and C were compared to 
one another and showed variation within the groups (p=0.017; Table 7). 
All 3rd day readings for Groups A, B, and C showed a significant difference 
among one another (p{0.005; Table 7). 
Data was recombined and compared on a group to group basis. The 
1st day samples of Group A vs Group B (p=0.016) and Group B vs Group C 
(p=0.019) showed a significant difference with Group A vs Group C not 
significantly different {p=0.24; Table 7). The 3rd day samples of Group A 
vs Group B (p=0.023) and Group A vs Group C (p(0.005) showed a significant 
variation with Group B vs Group C (p=0.089) approaching significance 
(Table 7). 
The groups differed among one another. The variation could be due 
to a variable in starvation time for each set-up, metabolic sensitivity of 
bluegill at low temperatures, or to a variation from where bluegill were 
taken (stock bin or experimental tank; Table 1). 
20 
At 13 C, ten tanks were set-up (Fig. 6) and the fish were starved 
seven days prior to testing (Group E). After nitrogen was calculated for 
the water samples pipetted on the 1st and 3rd days, an analysis of variance 
was performed. Since p)0.25, there was no significant difference between 
the two days (Table 5); therefore, no handling effect. 
In the analysis of Group E, one of the bluegill weighing 92.4 g 
was eliminated from the data. An~ posteriori analysis was done to deter-
mine if the weight of such a large fish would statistically bias the results 
for the group (Table 6). It was found that there was no significant varia-
tion between the 1st and 3rd days (p)0.25; Table 5). 
• 
Group 
A 
B 
c 
D 
E 
Table 4. Average nitrogen excretion rates for Groups A, B, C, D, E. 
Average Nitropen Excretion 
#Fish/Experiment Temperature 1st Day 3rd Day 
4 6 c 10.07 4.66 
6 6 c 3.51 2.08 
4 6 c 7.66 0.44 
4 13 c 7.71 5 .43 
8 13 c 7.91 10.80 
>.~ 
/ 
I'\) 
..... 
Data Treatment 
Group E vs E 
Group E vs E 
(~ eosteriori) 
Group A vs A 
Group B vs B 
Group C vs C 
Group A+B+C vs 
A+B+C 
Group A+B+C+ vs 
A+B+C 
(~ eosteriori) 
Table 5. An analysis of variance for handling effect contrasting 
1st vs 3rd day calculations for nitrogen excretion. 
Temperature df F p Significance 
13 c 1 1.25 ~0.25 N.S. 
13 c 1 1.34 p)0.25 N.S. 
6 c 1 6.45 p=0.91 NS* 
6 c 1 1.29 p)0.25 N.S. 
6 c 1 71.3 p(0.005 s 
6 c 1 11.92 P<0.005 s 
6 c 1 13.37 p(0.005 s 
*II./$ refers to approaching significance 
N 
N 
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Table 6. Nitrogen excretion rates and body weights for 
fish in Groups A-E for days 1 and 3. 
1st Day 3rd Day Body 
Group {mg N/Day) {mg N/Day) Weight (g) 
A 8.85 4.28 33.6* 
11.62 5.91 56.3 
6.12 4.92 49.0 
17.69 3.54 66.7 
B 1.36 1.35 33.6* 
8.11 0.68 56.3 
4.08 2.02 49.0 
3 .40 1.01 66.7 
3.40 5.07 74.6* 
0.68 2.37 58.0 
c 6.81 0.72 55.6 
6.81 0.37 48.9 
10.21 0.31 61.0 
6.81 0.37 41.9 
D 8.92 5.43 55.6 
7.54 4.75 48.9 
6.86 5.44 61.0 
7.54 6.12 49.7 
E 8.76 6.02 48.1 
7.41 7.03 42.4 
8.08 14.41 76.0 
14.15 24.46 92.4* 
5.39 9.38 54 .6 
5.39 13.75 60.1 
9.43 5.05 37.5 
4.72 6.36 44.6 
* Fish removed in _!posteriori analyses 
Table 7. Analysis of variance to show variation among groups at 6 C. 
Combination of Data Day Sampled Significance df F p 
A vs B vs c 1 st day s 2 6.68 p=0.017 
A vs B vs c 3rd day s 2 12.65 p(0.005 
A vs B 1st day s 1 10.21 p=0.016 
B vs C 1st day s 1 7.74 p=0.019 
A vs C 1st day N.S. 1 1. 70 p=0.245 
A vs B 3rd day s 1 8.14 p=0.023 
B vs c 3rd day NS* 1 4.01 p=0.089 
A vs c 3rd day s 1 68.48 p(.O .005 
*!US refers to approaching significance 
·· .. , ---------------------------------. 
TEMPERATURE EFFECT 
5 bluegill were taken from 6 C water and immediately placed into 
13 C water without a temperature acclimation period. The purpose for this 
type of transfer was to detect if the higher temperature would affect the 
bluegill metabolism. There were two sets of controls. Nitrogen excretion 
rate of bluegill was measured at 6 C (Group C). There was a significant 
difference between day 1 and day 3 (p(0.005; Table 5). Nitrogen excre-
tion rate was measured for bluegill acclimated at 13 C (Group E). With 
p)0.25, there was no significant difference between day 1 and day 3 
(Table 5). 
The fish in Group C at 6 C were transferred to 13 C ± 1 C water 
(Figs. 8, 9). Nitrogen excretion rates were calculated for the bluegill 
in the aquaria with the heaters (Group D). There was a significant differ-
ence between 1st and 3rd day (p(0.005; Table 8). To determine the reason 
for this difference, the data from Group D was statistically compared to 
the controls (Groups C, E). 
The transferred bluegill (Group D) seem to have responded to the 
temperature increase by excreting a higher level of nitrogen in a short 
interval of time. The possible temperature adjustment can be seen by 
contrasting the 3rd day excretion rates (0.44 mg N) for Group C with the 
3rd day rates (5.43 mg N) for Group D (Table 4). There was significant 
difference (p(0.005; Table 8}. 
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A contrast was made between the transferred fish (D) and those 
acclimated at 13 C (E). The 1st day results showed no significant variation 
(p)0.50; Table 8). There must have been some type of 1st day affect on the 
transferred bluegill since the nitrogen excretion went from 0.44 mg N at 
6 C to 7.71 mg N in the heated tanks (Table 4). The nitrogen excreted on 
the 1st day by the transferred fish was 0.20 mg lower than that of the 
13 C acclimated stock (7.71 mg N vs 7.91 mg N; Table 4). It cannot be 
said whether it is specifically handling and/or temperature causing the 
metabolic increase. 
There was no significant variation (p}0.10; Table 8) on the 3rd 
day for the transferred. fish versus the group acclimated at 13 C. Although 
the nitrogen excretion on day 3 was not as high for the transferred fish 
as it was for the acclimated ones (5.43 mg N vs· 10.80 mg N; Table 4), it 
was higher than the data collected on day 3 at 6 C (0.44 mg N; Table 4). 
In summary, the following: 
1. There is some type of 1st day stress on the bluegill transferred 
from 6 C water into 13 C ~ 1 C water. It cannot be said whether 
it is definitely handling and/or temperature. 
2. There may have been some type of temperature adjustment since 
the 3rd day results at 6 C were much lower than that measured 
on the 3rd ~ay for the transfer group. 
Table 8. Analysis of variance to show temperature effect on bluegill. 
Combination of Data Tempera tu re df F p Significance 
1st day C vs 3rd day C 6 c 1 71.3 p(0.005 s 
1st day D vs 3rd day D 13 c 1 19.6 p(0.005 s 
1st day D vs 1st day E 13 c 1 0.01 p)0.50 N.S. 
3rd day D vs 3rd day E 13 c 1 2.50 p)0.10 N.S. 
1st day E vs 3rd day E 13 c 1 1.25 p)0.25 N.S. 
3rd day C vs 3rd day D 6 c vs 13 c 1 293.23 p(0.005 s 
GILL BEAT RATE 
Chiszar et. ~· (1972) used gill beat counts of bluegill sunfish 
to measure habituation to handling. Since the gill beat counts seemed 
rather low, some of their experiments were duplicated with the bluegill 
used for this thesis. As a rough estimate of metabolism, a standard count 
was made by collecting data 1 hour after fish were placed into the experi-
mental tanks, 4 hours later, and 40 hours later (Table 9). Average gill 
beats/minute were 54.5 beats/min (1 hr), 42.24 bts/min (4 hrs), 45.74 
bts/min (40 hrs). There was no significant difference in the 3 counts 
(p)0.10; Table 10). 
When fish were netted and held in and out of the water, a general 
count was made to see if there was a difference in gill beat rate 5 min 
before and 5 min after experimentation. Average gill beats/min were 54.88 
bts/min (before) and 65.1 bts/min (after), Table 9. There was no signifi-
cant difference (p)0.2; Table 10). 
An analysis of variance was calculated for fish held out of water 
for three seconds to those restrained in water for three seconds. This 
was done to determine if one of the two types of netting produced equal 
or gteater stress on the fish.· Average gill bts/min were 52 bts/min 
(5 min before experimentation) and 57.66 bts/min (5 min after experimen-
tation), Table 9. There was no significant difference {p}0.10; Table 10). 
For fish netted but restrained in the water for three seconds, average 
28 
gill bts/min were 60.66 bts/min (5 min before experimentation) and 80.0 
bts/min (5 min after experimentation), Table 9. There was no significant 
difference CP)0.10; Table 10). 
A further combination of the data contrasted the two types of 
netting. Average gill bts/min five minutes before experimentation showed 
72 bts/min five minutes before experimentation showed 72 bts/min (fish 
held out of water) and 60.66 bts/min (fish held in water), Table 9. There 
was no significant difference (p)0.2; Table 10). 
Average gill bts/min five minutes after experimentation showed 
29 
58.66 bts/min (fish held out of water) and 80.00 bts/min (fish held in 
water), Table 9. There is a significant difference (p(0.005; Table 10). It 
seems that netting the fish and keeping them submerged in the water had a 
greater stress than simply holding them out of the water. 
I 
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Table 9. Description of experiments for analysis of variance in gill beat rates. 
Experiment Description 
1 Gill beats counted 1 hour, 4 hour, and 40 hours after placement of fish into aquaria. 
2 Total gill beat count 5 minutes before and 5 minutes after experimentation. 
3 Gill beat count 5 minutes before experimentation and 5 minutes after experimehtation 
on fish netted out of water for three seconds. 
4. Gill beat count 5 minutes before and 5 minutes after experimentation on netted fish 
restrained in the water for three seconds. 
5. Gill beat count 5 minutes before experimentation contrasting the fish that were netted 
out of water with those that were netted but restrained in the water. 
6. Gill beat count 5 minutes after experimentation contrasting the fish that were netted 
out of water with those that were netted but restrained in the water. 
Table 10. An analysis of variance for gill beat rate. 
Experiment Significance df F p 
1 N.S. 2 2.50 p)0.10 
2 N.S. 1 1.81 p)0.20 
3 N.S. 1 2.18 p/0.10 
4 N.S. 1 2.47 p)0.10 
5 N.S. 1 2.63 p)0.20 
6 s 1 24.90 p(0.005 
w 
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BEHAVIORAL OBSERVATIONS 
When ·26 bluegill were placed into ~anks for nitrogen determina-
tions, the fish seemed to react differently at 6 C than at 13 C. Behavior 
of bluegill was contrasted in three basic ways: 1. restlessness of fish 
in transfer interval from stock tank to experimental tank; 2. settling 
position in the tank; 3. equilibrium. These behavioral standards were 
chosen since Chittenden (1971) and Nickum (1970) judged the behavior of 
their fish in much the same way. 
Bluegill were transferred from the stock tank at 6.C to the exper-
imental tank at 6 C. The fish were not restless in the landing net. 
Placed into the small aquaria, the fish did not lose equilibrium. They 
swam along the sides of the aquaria for approximately one minute and 
settled about one inch or less from the botton of the tank (Table 11). 
At 13 C, behavior was slightly different. Fish were much harder 
to contain in the transfer net. It seemed that the bigger fish were much 
more restless in the transfer interval. When placed into the experimental 
tanks, the bluegill swam very rapidly from side to side of the tanks, 
bumping off the glass plates. Movement lasted for 30 to 60 seconds. A 
temporary change in color occurred since the fish were darker in the stock 
tank and lightened in the experimental tanks. There was no loss in equi-
librium in the transfer and the bluegill settled about three to four inches 
from the bottom (Table 11). Generally, the fish swam about more at 13 C 
than at 6 C. 32 I ._ ______________________________________________________ ___j 
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When the fish were taken from 6 C water and immediately placed 
I I 
into 13 C water, some momentarily lost equilibrium. The bluegill were 
partially on their sides before they rose to the surface of the water. 
Since the temperature in the 13 C tanks was controlled by individual heaters, 
the fish settled next to the heaters rather than near the bottom of the 
tank (Table 11). 
In the gill beat rate experiment, fish were netted out of the 13 C 
water for three seconds and returned to the tank. As they were returned to 
the tanks, they temporarily lost equilibrium. Some of the fish after the 
netting seemed to rest on the bottom of the tank, which is not character-
istic of their settling behavior at 13 C (Table 11). It appears that the 
lack of a temperature acclimation period and a three second capture period 
stress the bluegill to temporarily lose equilibrium. 
Tab1 e 11. Behavioral observations at 6 C and 13 C. 
#Fish Treatment Temperature Transfer Interval Settling Position Effect On 
Behavior From Bottom Equilibrium 
14 6 C to 6 C slightly restless 1 inch or less no effect 
12 13 C to 13 C restless 3-4 inches no effect 
4 6 C to 13 C slightly restless near heaters temporarily lost 
8 3 second netting restless bottom of tank temporarily lost 
at 13 C 
DISCUSSION 
MAINTENANCE LEVEL 
The establishment of a maintenance level of protein was determined 
by measuring endogenous nitrogen excretion (ENE). Ideally, ENE is equi-
valent to the minimum amount of protein required for fish to maintain 
nitrogen equilibrium. In homiothermous animals, ENE is related to body 
weight (Brody, 1945) and the two factors vary in logarithmic fashion. The 
same relationship would be expected in poikilothermous animals. The blue-
gill data follow the classical pattern of body weight in relationship to 
nitrogen excretion (Gerking, 1955). Gerking (1955) found a large amount 
of individual variation in his data when body weight was graphed against 
nitrogen excretion. 
Comparing the data of this thesis with Savitz's (1969), a differ-
ence is noted in 95% confidence limits, mean rates and slopes or weight 
exponents. The present 95% confidence limits for nitrogen excretion of 
a 50 g fish at 6 Con the 1st day (3.39 mg N--7.85 mg N; Table 3) of 
samples overlap those at 13 Con the 1st day (6.19 mg N--8.95 mg N; Table 3). 
This indicates no significant variation in the metabolic rate at 6 C and 
at 13 C (Fig. 12). Contrasting the 3rd day data at 6 C (0.28 mg N--3.76 
mg N; Table 3) and 13 C (1.82 mg N--31.62 mg N), significance cannot be 
determined. The confidence limits were too large for 13 C (Fig. 12). 
This largeness was probably due to a variability in weight size and excre-
tion rates. This would statistically bias the results. 
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Savitz's mean nitrogen rates appeared to be consistently lower than 
I 
those of this thesis. For an average 10 g fish at 13 C, the mean rate 
was 6.31 mg N/day; 50 g fish, 7.45 mg N/day; 100 g fish, 8.13 mg N/day. 
In Savitz's data (1969a), for an average 10 g fish at 15.6 C, the mean 
rate was 0.57 mg N/day; 50 g fish, 2.57 mg N/day; 100 g fish, 5.55 mg 
N/day. Savitz (1969a} showed that at temperatures of 15.6 C and 7.2 C, 
the average nitrogen excretion rates were equal. This present work 
showed equalness in mean rates at 13 C and 6 C for the 1st day samples, 
but significant variation encountered in the 3rd day samples (Table 3). 
The weight exponents or the slope of the line in the linear 
equations should theoretically be nearly constant for all temperatures. 
Paloheimo and Dickie (1966} concluded that the weight exponent is rela-
tively constant in metabolic studies of fish and does not change when 
examined at different constant temperatures. Savitz had a range of slopes 
from 0.93 to 0.99; the range in this paper, o.11·to 0.44. Results are 
biased in the calculation of weight exponents by the small range in weights 
used in this study. 
When Gerking (1955} measured ENE rates of bluegills, he found a 
weight exponent of 0.54. This variability may possibly be due to the 
nutritional and thermal history of the fish and individual differences in 
activity during the experiments. Savitz and Gerking used late summer 
measurements; this present work involved late spring-early summer testing. 
Reasons for variations among data can be summarized: 
1. Differences related to sex and seasonal factors in the stock 
supply. In oxygen consumption, which is a metabolic parameter, 
seasonal changes have been related to factors of photoperiod, 
temperature and thyroid activity (Beamish & Dickie, 1967). 
I 
2. Social hierarchy. Brown (1946, 1957) found between-
individual variation were related to social hierarchies 
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among her trout. In respect to the within-individual vari-
ability, she demonstrated that there were regular fluctuations 
tn growth and appetite, related to deviations from an average 
condition factor. 
3. Handling and unknown nutritional history (Gerking, 1955). 
4. Small range of weights used in this study in contrast to 
other studies in which weight exponents were calculated. 

HANDLING 
Tests were performed to determine whether minimal handling, the 
type which could occur in laboratory investigations of fish metabolism, 
would affect nitrogen excretion of bluegill sunfish. Handling consisted 
of catching a fish with a dip net, placing a hand over the body of the 
fish and transferring it to the experimental tanks. The effect of this 
type of handling would probably occur in the transferral interval, the 
period of time that elapses between successive removals of fish from 
holding troughs (Chittenden, 1971). 
Mann (1965) noticed during transference from one container to 
another, or immediately afterwards, fish pass copious faeces. The fish 
used in this thesis were starved to avoid this type of elimination. With 
Group A starved for 3 days (Table 1) there was still some undigested 
mealworms which were passed. Three of the six fish released 0.04 g, 
0.07 g, and 0.26 g of undigested mealworms. This occurred only on the 1st 
day in the experimental tanks. 
Comparing the 1st and 3rd day samples at 13 C, there was no sig-
nificant variation in the mean nitrogen rates (p)0.25; Table 5). If there 
was a handling effect; it did not cause significant changes in mean 
nitrogen rates. Savitz (1973) found that at 20 C there was no handling 
stress on bluegill. Chittenden {1971), working with striped bass, observed 
the effects of handling on oxygen requirements to be negligible or ~bsent 
at 16-18.5 C temperature. 39 
I. 
At 6 C the mean N rates were significantly different of the 1st 
and 3rd days (p(0.005; Table 5). For a 50 g fish, the mean rate on 
the 1st day was 5.18 mg N (Table 3) in contrast to 1.48 mg N on the 3rd 
day (Table 3). It is known that after fish are caught and placed in 
aquaria they lose salts and water at an abnormally high rate. Injury 
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and shock in handling have been suggested (Black, 1957,-p. 170). Gerking 
(1955) also attributed variations in his data to a possible handling 
effect. Nickum (1970) referred to acclimating the fish to conditions 
of the holding tanks prior to testing to allow a recovery time from 
the effects of seining and handling. 
If the same metabolic rate is expected at 6 C and at 13 C, the 
rate on day 3 at 6 C should not be significantly different from the 
rate on day 3 at 13 C. With a handling effect, the rate on day 1 at 
6 C would be higher than the rates on day 3 at 6 C and 13 C. If the 
metabolic rate at 6 C is lower than the rate at 13 C, the results show 
a handling effect at 6 C since the rates on day 1 are higher than those 
on day 3. 
Previous works have shown that the handling stress occurs the 
first day. Based on the data of this thesis, perhaps the handling 
effect is delayed and expressed in the mean N rate reduction on the 3rd 
day at 6 C (Table 4). Late winter stock and metabolic sensitivity at 
6 C may be important factors at this time in the effect of handling. 
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After analyzing the groups for variation among one another, Group B 
shoiwed no significant variation when comparing the 1st and 3rd days 
(p)0.25; Table 5). This was also the only group of fish that were not 
taken from the stock bin and placed into the experimental tanks. They 
were transferred from one 5 gal aquarium into another. This raises the 
idea of perhaps habituation or acclimation of the fish to the experimental 
tank. Hammond and Hickman (1966) habituated Salmo gairdneri to exercise 
and reduce the mortality of stress by training the fish as one trains an 
athlete. 
Greater stress, such as capturing fish by net or hook, involves 
various degrees of desperate struggle followed by a period of asphyxiation 
(Love, 1970, p. 39). This may cause significant changes in nitrogen 
excretion. Stress which fish undergo at the time of capture markedly 
changes the concentration of many constituents (Love, 1970, p. 48); there-
fore, starved fish were used in preference to fed ones. The o2 uptake 
which has been observed after a degree of handling (Mann, 1965) may not 
be due to an increased protein metabolism but perhaps to carbohydrate meta-
bolism (Love, 1970, p. 44). 
Ammonia concentration in the water may have affected the bluegill. 
Fromm and Gillette (1968) found that as ammonia concentration increased in 
water, the nitrogen excretion rate of trout declined. Olson and Fromm 
{1971) found that urea excretion of goldfish increased as ammonia concen-
tration in the water increased. Savitz (1973) indicated in his work with 
bluegill that whatever ammonia was present it did not affect the nitrogen 
excretion rate. 
TEMPERATURE 
Among the abiotic factors of a fish's environment temperature and 
photoperiod are great contenders for the position of ecological master 
factor. This present work is concerned with the adjustments observed after 
a sudden change from one constant temperature to another. Such sudden 
changes are encountered in nature (organisms migrating through a termo-
cl ine, an animal moving from a patch of sunlit ground into the shade etc.). 
Such thermal changes are not unnatural. 
Fish were taken from 6 C aquaria and immediately placed into 13 C 
aquaria. The transferred group showed a mean N excretion rate of 7.71 mg 
N (Group D; Table 4) for the 1st day with 5.43 mg N (Group D; Table 4) for 
the 3rd day. The mean N rate for the transferred fish on the 3rd day was 
not significantly different from the mean N rate of fish acclimated to 
13 C (p)0.10; Table 8). 
This physiological adjustment is called capacity adaptation (Precht, 
1958). Savitz (1969a) found equal nitrogen excretion rates at 15.6 C and 
7.2 C. He also found no high temperature resistance adaptation in bluegills. 
Physiological adjustments to very high or low temperatures are resistance 
adaptations (Precht, 1958). 
Different species of fish have different acclimation rates. Brett 
(1970) mentions a comparison of three stenothermal species to four eury-
. thermal species with the latter showing the slower initial responses (24 
to 48 hrs.). The metabolism of a eurythermal species would not be stressed 
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as quickly as that of the stenotherm with an ·immediate temperature change. 
Since bluegill are eurythermal, their acclimation period would take longer 
to achieve. An initial response of metabolism to temperature change, 
however, occurs over the first 3 to 7 hours, usually accompanied by some 
overshoot, followed by a slower response of small magnitude. This response 
of small magnitude may extend from 3 to 9 days, and in some cases up to 
3 weeks {Brett, 1970). 
Before the fish were transferred into 13 C ± l·C water, a test was 
run at 6 C. The mean N excretion rates were 7.66 mg Non day 1 {Table 4) 
vs 0.44 mg Non day 3 {Table 4) .. The 1st day reading of fish after they 
were transferred into the warmer water was 7.71 mg N {Table 4) vs 5.43 mg 
Non day 3 {Table 4). It seems that a slight overshoot may be possible on 
day 1 in the warmer water. The overshoot could. possibly be due to tempera-
ture and/or handling. 
A temperature difference of 8 C ± 1 C was used for the transfer. 
A larger increase was not used to avoid mortality. Nickum {1970) found 
that fish can tolerate relatively large sudden changes providing the lethal 
limit for the species is not exceeded. He found the bluegill species to 
survive temperature increases up to 20 F for at least 24 hrs. This would 
be comparable to a 11 C increase. 
Nickum {1970) di~covered bluegills to be extremely sensitive to 
temperature changes during the spring and early summer. The gonads of all 
the adult fish in his test showed normal enlargement for that season. No 
other changes in the condition of the fish were evident. This raises the 
question of a sensitivity factor in the fish used for this thesis since 
. .;, .. ,. 
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1 the stock was obtainea March 4th, 1972, and tested thr·,,ugh early .Ju.ly. 
The sc::o.son of ti1r stock rnely be 0 factor for the handlirs amt mdintenance 
1 evel 
or rivers;t a temperat1n·e fluctuation occur:~ for tll~ 1 ifo area of 
affected Wilter (t1atcy ~J.:_ • .tl_.,. 1972). It has been st10wn that yow·:g 
shad rapidly die when tf'mpe1·atures are suddenly raised from 2.tl- 28 C to 
32.5 C (M.v·cy· et. al , 1972). There ·is d strong possibi1 ity th;,1.t the 
cons~r .. c.tioo ~f ::the Connecticut ''anj(:ee Atomic Power Company at iilficlam, 
Conner. UC!..+t.~ may be r,r.2ati ng iHJ en vi 1·onmer1tal hazard for·· ·::mi gr& ting young-
of-tbe··.Ye.:ir American shad, ffiosa ~~oidiss'in1a (Marcy E:;,. a1_., 1972). 
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GILL BEAT RATE 
The use of laboratory animals usually requires initial or routine 
handling. Chiszar et. ~· (1972) measured the extent of habituation of a 
respiratory response to handling in bluegill sunfish. The measure was 
rate at which gill covers opened and closed. As a comparative study, 
Chiszar et. ~.·s experiments were repeated as best as possible with the 
fish used for this thesis. A number of discrepancies were observed. 
Chiszar et. ~· found that post-stress gill beat elevations (5 min 
after experimentation) were higher for fish netted out of the water than 
those restrained in the water. The data of this thesis showed the exact 
opposite. When comparing the gill beat rate 5 min after handling with 
that before handling, Chiszar et. ~· observed the rates continuing to be 
higher at the end of the established post-stress period. The present work 
observed the gill beat rates 5 min after handling to decrease to the level 
of rates measured before handling. 
Another difference between the two sets of data was the initial 
gill beat rates. In Chiszar et. ~· 1 s stock, the bluegill showed 18-24 
beats/min; the bluegill for this study showed 54 btstmin--almost double 
the first set. It seems that there may be a possibility of variables 
which Chiszar et. ~· have not established in their publication. The 
temperatures were in range: Chiszar et. ~. 1 s, 14-17 C; present work, 
13 C. There was no mention of the size of fish used. This could be a 
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factor for difference in data. There was no·mention of the season during 
which measurements were taken. 
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Chiszar et. ~- did not state what means were taken to ensure quiet 
respiration. Fry (1957) stated that most experiments in respiration suffer 
because it is not certain that precautions were taken to ensure that the 
subject was in a quiet state of respiration before experimentation began. 
Noted variables in taking gill beat counts could be: 
1. Closeness to tank when taking counts. 
2. Position of animal--resting or swimming. 
3. Turning lights on to take count if the room was 
previously dark. 
4. Healthy stock. 
The difference in the two sets of work could be a lack of standard 
external conditions. 
BEHAVIORAL OBSERVATIONS 
Observations were made during the transferral interval and during 
the placement of fish into aquaria at 6 C and 13 C. When taken from the 
holding trough, bluegill were more restless in the landing net at 13 C 
than at 6 C. After placing the bluegill into the aquaria, the 13 C fish 
showed evidence of short-term burst speeds as they dashed off the glass 
sides of the aquaria. 
Even though the 6 C fish showed this dashing movement when intro-
duced into the aquaria, the duration was short-lived and the fish seemed to 
settle much more quickly. Brett (1970) stated that poikilotherms normally· 
become less active at low temperatures. In contrast Chittenden (1972) 
working with the striped bass at 16.0--18.5 C, did not observe any excite-
ment in the fish when placed into the aquarium. 
When bluegill were taken from 6 C and immediately placed into 13 C 
water, some of the fish seemed to momentarily lose equilibrium as they 
began to lean slightly to a side. Swimming movement increased as they 
became acclimated. Nickum (1970) stated that a sudden change in tempera-
ture of 20 F, or less, preduced only slight reactions with an increase 
in the rate of opercular movement. Nickum made the same observation when 
fish were transferred from one aquaria to another without a temperature 
change. 
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Settling position seemed to differ with the two temperatures. ·on 
the second day of observations at 6 C, the bluegill seemed to either rest 
on the bottom of the tank or approximately one inch from the bottom. 
Nickum found the same to occur in his temperature decrease experiments. 
At 13 C the fish were approximately 3-4 inches from the bottom and did 
not show such a listless state. 
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Surrmary 
Maintenance Level 
1. Mean nitrogen excretion rate/day was -higher at 6 C and 13 C than 
Savitz's at 7.2 C and 15.6 C. 
2. No significant variation in metabolic rate at 6 C and 13 Con 1st 
day samples. 95% confidence limits overlap. 
3. Large 95% confidence limits for 13 C readings on the 3rd day. 
4. Weight exponents ranged from 0.11--0.44. 
Handling 
5. At 6 C there was a significant difference between 1st and 3rd day 
mean N excretion rates (P(0.005). Rates were lower on 3rd day. 
6. At 6 C for a 50 g fish, the mean N rate was 5.18 mg N for day 1 vs 
1.48 mg N for day 3. At 13 C for a 50 g fish, the mean N rate was 
7.45 mg N for day 1 vs 7.59 mg N for day 3. 
7. At 13 C there was no significant difference between 1st and 3rd day 
mean N excretion rates (p)0.25). 
8. The groups statistically varied among one another. 
9. A posteriori analyses removed fish weighing 33.6 g, 74.6 g, and 
92.4 g. Results were not significantly different. 
Temperature .Effect 
10. Fish were transferred from 6 C into 13± 1 C water. The mean N 
excretion rate for day 1 in the heated tanks was significantly 
different from day 3 (p(0.005). Possible 1st day handling and/or 
temperature affect on the transferred group. 
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11. No significant difference between the 3rd day mean N rates of the 
transferred group vs fish acclimated at 13 C (P)0.10). Possible 
temperature adjustment. 
Gill Beat Rate 
12. Before experimentation average gill beat rate was 54 beats/minute; 
Chiszar et._2..}. (1972) counted 18-24 bts./ min. 
13. Restraining fish in landing net for a 3 sec period seemed to stress 
the fish more than removing them from water for 3 sec (p(0.005). 
Behavioral Observations 
14. Fish seemed to momentarily lose equilibrium when taken from 6 C water 
and inmediately placed into 13 C water. 
15. Fish settled 1 inch from bottom of tank at 6 C; 3-4 inches at 13 C. 
16. Fish exhibited more swimming at 13 C than at 6 C. 
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Plate I 
I 
I 
Fig. 1. Step 1 in micro-kjeldahl determination of 
nitrogen. Digestion process. 
54 
55 
' 
I 
Plate I 
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Plate 2 
Fig. 2. The organic nitrogen is being converted to 
an ammonium salt by digestion with cone. H2so4. 
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I 
Plate II 
Plate 3 
Fig. 3. Step 2 in micro-kjeldahl determination of 
nitrogen. Distillation process (NH3). 
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Plate III 
Plate 4 
Fig. 4. Step 3 in micro-kjeldahl determination 
of nitrogen. Titration process. 
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Plate IV 
.J 
Plate 5 
Fig. 5. Cold room set-up for maintaining photo-period, 
aeration, supply of aerated water, and stock fish. 
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Plate V 
j 
Plate 6 
Fig. 6. 10 tank set-up for collecting 
water samples at 13 C. 
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Plate VI 
L-----------------------------------------------------------~---1 
Plate 7 
Fig. 7. First part of sudden temperature change 
experiment. Water samples collected at 
6 c. 
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Plate VII 
Pl ate 8 · 
Fig. 8. Second part of sudden temperature change 
ex~eriment. Water samples collected at 
13- 1 c. 
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Plate VIII 
Plate 9 
Fig. 9. View showing the angle of the heaters 
plus the method of attachment 
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Plate IX 
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